Detection of anti-hepatitis C virus (anti-HCV) antibodies may yield a high frequency of false-positive results in people at low risk. To date, no clinical rule had been developed to predict viremia in HCV-seropositive patients. Therefore, we aimed to generate a prediction rule on the basis of clinical and serologic data, which can be used in outpatient care. We selected 114 seropositive patients without antiviral treatment or hepatitis B coinfection. Subsequently we identified independent predictors of the hepatitis C viremia by logistic regression and selected the quantitative value of the screening test for anti-HCV antibodies with the best performance in detecting viremia. Then, we combined clinical and serologic data to generate different prediction rules. Ratio of immunoassay signal strength of the sample to cut-off (S/CO) >15 had accuracy, positive predictive value (PPV) and positive likelihood ratio (LR+) of 84%, 83%, and 3.7; respectively. The rule compounded of the antecedent of blood transfusion before 1993 and S/CO >15 performed the best in prediction of viremia in all patients, with accuracy, PPV and LR+ of 71%, 88%, and 5.6; respectively. In the group of asymptomatic patients this rule improved in efficacy of prediction, with accuracy, PPV and LR+ of 79%, 91% and 12.8; respectively. In conclusion, a clinical rule is better than S/CO alone in prediction of the hepatitis C viremia. In a patient that meet the rule the probability of having viremia is high, therefore, it can be indicated directly an assay for viral load instead of other supplemental tests, thus, saving time and economic resources.
According to World Health Organization estimations, approximately 3% of the world population may be infected with the hepatitis C virus (HCV). 1 HCV is transmitted primarily by exposure to infected blood. Major risk factors associated are illicit intravenous drug abuse and transfusion of blood products before the establishment of blood bank screening for HCV, remaining a number of cases without an identifiable risk factor. [1] [2] [3] However, prevalence of HCV infection and associated risk factors vary by geographic region. 1 These possible differences in personal antecedents, along with the wide clinical spectrum that can be seen in HCV-infected patients have contributed to make the diagnosis of this infection mainly on the basis of laboratory tests. However, most assays often behave differently among different subsets of patients, generating a high probability to identify a positive case in later stages of florid disease and a low chance in early, mild stages. 4, 5 Hence, to analyze a patient from the result of a laboratory test only, may imply leaving out important clinical data, as current tests do not distinguish the full clinical spectrum of patients with HCV infection.
The diagnosis of this infection basically relies in two approaches: detection of anti-HCV antibodies and of HCV RNA (i.e., test for viremia) with different nucleic acid amplification testing (NAT) techniques. 5, 6 Evolution of screening assays for detection of anti-HCV antibodies has resulted in generation of much more sensitive tests. However, they may yield a considerably high frequency of false-positive results in people at low risk 5, 6 or in other non-related diseases as malaria and autoimmune hepatitis. 7, 8 The Centers for Disease Control and Prevention (CDC) has urged that a person with reactivity to a screening test for anti-HCV antibodies should have a more specific serologic test (e.g., recombinant immunoblot assay [RIBA] ) or a NAT (either qualitative or quantitative), to be considered infected with HCV. 5 However, after being confirmed as infected a patient needs a quantitative NAT to assess the viral load for treatment planning and further monitoring. 5, 6, 9 All these tests that must be practiced to initiate a health counseling and management have an important economic impact. To address this issue, CDC has also recommended using the quantitative value of the screening tests for anti-HCV antibodies to evaluate the amount of supplemental testing that needs to be per-formed while improving the reliability of reported test results. 5 Rational use of diagnostic tests leads to optimal patient care and saves unnecessary expenses and concerns. However, as testing for HCV infection has become increasingly complex, some health care professionals could lack complete knowledge about the interpretation of the screening test results and regarding which supplemental tests are needed. 5 To add knowledge on the diagnosis of HCV infection and on the estimation of the patients that should be tested directly for viral load after a positive screening test, we aimed to generate a prediction rule on the basis of clinical and serologic data, which can be used in outpatient care, with a simple calculation.
Patients and methods
This cross-sectional, descriptive study was performed from March 2003 through May 2004 at the Department of Molecular Biology in Medicine of the Hospital Civil de Guadalajara, which is an academic reference facility for molecular research on viral hepatitis of both rural and urban population from the West of Mexico.
Design
We first selected ambulatory seropositive patients with or without overt liver decompensation, excluding those with factors that may affect the presence of HCV RNA or anti-HCV antibodies in serum (i.e., with past or current anti-HCV treatment, or with hepatitis B or human immunodeficiency virus coinfection). Subsequently, we identified independent predictors of the hepatitis C viremia and selected the quantitative value of the screening test for anti-HCV antibodies with the best characteristics in distinguishing patients who do have HCV-infection. Then, we combined clinical and serologic data to generate several rules for prediction of the presence of HCV RNA in serum.
Study population
A primary group of 171 consecutive screening-test-reactive patients was eligible for the study. Ambulatory patients were referred from blood bank and infectology, gastroenterology, general internal medicine, pediatrics and hematology departments, to confirm HCV infection. We considered the next inclusion criteria: (1) patients reactive to a screening test for anti-HCV antibodies in at least two occasions and seronegative to anti human immunodeficiency virus antibodies in assays performed at least 6 months prior to arrival to our service; and (2) outpatients with or without clinical manifestations of liver decompensation. Patients were excluded if a new anti-HCV assay performed in our service tested negative or if co-infection with the hepatitis B virus was identified by a home-made qualitative nested polymerase chain reaction (PCR), as described elsewhere; 10 which was practiced per duplicate in our service systematically in all cases. Thus, after applying selection criteria a final group of 114 patients was analyzed.
A standardized structured questionnaire was used to collect data from the patient regarding demography, relevant antecedents and risk factors. The study population was first divided in two groups. Patients without clinical evidence of liver failure composed the asymptomatic group. Patients with clinically overt liver decompensation composed the decompensated liver disease group. Overt liver decompensation was specifically considered to occur in a patient if jaundice, ascitis or collateral superficial veins were present. Also, antecedent of a diagnosis or previous hospitalization for liver decompensation (e.g., upper gastrointestinal bleeding, hepatic encephalopathy, and other complications) ≥1 month prior to the arrival to our service were considered as being part of the liver failure syndrome.
Detection of anti-HCV antibodies
An automated third generation microparticle enzyme immunoassay (MEIA, IMx HCV Version 3.0 Abbott Diagnostics, Chicago, IL, USA) was used to assess the presence of anti-HCV antibodies in sera samples stored at -70ºC. Immunoassay signal strength (fluorescence) of the sample to cut-off rate (S/CO) is the numeric value of the test. This is a semi-quantitative assay in which S/CO ratio is directly proportional to anti-HCV antibodies levels.
11 S/ CO ratio >1 is considered as positive, according to directions of the manufacturer.
Detection of the HCV RNA in serum
A home-made qualitative nested reverse-transcription polymerase chain reaction (RT-PCR) was used to detect HCV RNA in all sera samples, first stored at -70ºC. Total RNA was extracted from each serum without pooling, using QIAamp Viral RNA Mini Kit (QIAGEN, Chatsworth, CA) as indicated the manufacturer. Then, RT was carried out to obtain complementary DNA (cDNA) using M-MLV RT kit (MMLV, GIBCO/BRL). PCR amplification of cDNA and later a nested-PCR were performed with two pairs of primers that hybridize in a segment of the 5' non-coding region of the HCV genome, as is described elsewhere.
12 Nested RT-PCR was performed by duplicate in all samples for confirmation and the products of the reaction were analyzed in gel electrophoresis. If the second assay resulted different from the first, then a third nested RT-PCR round was performed and two matching results out of three were required for a positive or negative adjudication. Qualitative nested RT-PCR is considered here as the gold standard for diagnosis of viremia. Absence of viremia does not rule out HCV infection, [13] [14] [15] [16] nonetheless >50 years (70.6% vs 30%, respectively; p < 0.001). However, mean values of liver enzymes and major demographic features were similar between both groups ( Table I ).
Hepatitis C viremia and liver disease
Overall, there were 65 (57%) patients with hepatitis C viremia. The group with decompensated liver disease had 28 (82%) of 34 patients with viremia, compared with 37 (46%) of 80 in the group of asymptomatic patients (p < 0.001) ( Table II) . Of the patients with viremia, 26 (40%) subsequently underwent liver biopsy, all of them with some degree of fibrosis (including cirrhosis) in their histologic assessment. However, no correlation was found between the degree of liver damage and S/CO ratio or the number of patients with viremia. Noteworthy, six RT-PCR negative patients had results of biopsy in their note of referral; in four of them steatosis or mild fibrosis were reported and the other two were completely normal.
Factors related with the presence of hepatitis C viremia
Transfusion of blood products before 1993 and any past surgical procedure were the risk factors related with the presence of HCV RNA in serum is considered here as the confirmation of cases, since viremia is the main feature considered regarding decision to offer antiviral treatment. 5, 6 Confirmed cases were referred to an external party to undergo liver biopsy, if the patient accepted this procedure. Some patients had liver biopsy prior to presentation to our service.
The internal Committee of Ethics of our hospital approved the present study. No informed consent was required, except for the liver biopsy.
Statistical analysis
Demographic data are reported as simple frequencies. Age and S/CO ratios are presented and analyzed as medians with minimum and maximum, as these variables followed a non-normal distribution. Fisher exact test was used for nominal variables in univariate analyses. Student t test was used to compare continuous, normally distributed variables. Mann-Whitney U test was performed when an ordinal or scale non-parametric variable was distributed between two groups. Spearman rho was used to test ranked correlations. To find independent predictors for the presence of HCV RNA in serum, a multivariate analysis was constructed by forward stepwise logistic regression. Adjusted odds ratios (OR) with 95% confidence intervals (CI) are provided, and as the frequency of the hepatitis C viremia was >10%, corrected OR were calculated for categorical predictors to gain precision in the estimation of the actual relative risk, in a sample with a high frequency of an statistical outcome as follows: 17 Corrected OR = Multivariate OR / [(1 -Incidence of the outcome in the nonexposed group) + (Incidence of the outcome in the nonexposed group X multivariate OR)]. Thus, corrected OR are taken as the approximation of the true relative risk obtained from logistic regression analysis. The fitness of the model was evaluated by using the Hosmer-Lemeshow goodness-of-fit test, which was considered as reliable if p was > 0.2; and results are provided in the respective table.
After identification of independent predictors of viremia, the breaking point of S/CO ratio with the best performance in detecting cases with viremia was selected. To analyze the diagnostic dynamics of different S/CO ratio breaking points, the cumulative proportion of cases with viremia was plotted against S/CO ratio values. Afterwards, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (LR+) and negative likelihood ratio (LR-) were calculated. Since S/CO ratio breaking points are categorical variables, the area under the receiver operator characteristic curve was not estimated; instead, accuracy was calculated as follows: Accuracy = (True positives + True negatives) / Total number of persons. For all parameters of the diagnostic appraisal, 95% CI are provided. For the clinical prediction rules to be created, S/CO ratio breaking point with the largest PPV and LR+ was selected to be combined with the clinical data that independently predicted viremia in logistic regression. Performance of the clinical prediction rules was also appraised calculating sensitivity, specificity, accuracy, PPV, NPV, LR+ and LR-. Since of primary interest in clinical practice is to know the probability that a patient with a particular test result actually has the target disorder, we selected predictors on the basis of their performance in detecting cases with viremia (e.g., PPV and LR+) and not on the basis of the probability that a patient with viremia has a particular test result (i.e., sensitivity).
Statistical
Results

Patients
We analyzed 114 patients ( Table I ). There were 69 (60.5%) women and 45 (39.5%) men, with median age of 52 (range 11 to 82) and 40 (range 10 to 73) years, respectively (p = 0.007). Possibly due to referral behavior, the population studied was compounded of a large participation of the female gender, with a female-to-male ratio of 1.5. Thirty-four (29.8%) patients composed the group with decompensated liver disease and 80 (70.2%) patients the asymptomatic group. Age of the patients with decompensated liver disease was higher than of the asymptomatic patients with a greater proportion of patients aged a greater proportion of cases with viremia in univariate analysis (Table II) , with 50 (44%) patients having both. Factors related with sexual activities and illicit drugs were more common in men than in women. There were no patients that declared past or current illicit intravenous drug abuse. There were 21 (18%) patients without an identifiable risk factor for HCV infection, while 64 (56%) had more than one. The number of risk factors slightly correlated with the number of patients with viremia (Spearman's rho = 0.289, p = 0.002). After multivariate analysis, the presence of decompensated liver disease and transfusion of blood products before 1993 were identified as independent predictors of the hepatitis C viremia (Table III) .
Test for anti-HCV antibodies and its S/CO value
All the patients had a minimum of three serologic tests for anti-HCV antibodies: at least two performed prior to arrival to our department and one performed in our laboratory, of which results were taken for the statistical analysis. Overall, median S/CO ratio was 36.4 (range 1 to their S/CO ratio, whereas dividing the cohort as having or not viremia resulted in more homogeneous groups than on the basis of clinical manifestations and complications of the liver disease (Figure 1) . Thus, patients with viremia had higher S/CO ratios than those without viremia (median 46.4 vs 1.9, respectively; p < 0.001) (Figure 1) , and number of patients with viremia directly correlated with S/CO ratios (Spearman's rho = 0.613, p < 0.001).
Development of the clinical prediction rules for the hepatitis C viremia
The plot for diagnostic dynamics of different S/CO ratio breaking points had a sigmoid distribution with S/CO value of 15 having a sensitivity of 90% and the largest LR+ for any S/CO ratio breaking point alone (Figure 2) . Hence, we selected S/CO value >15 to be combined with the clinical independent predictors identified in logistic regression to generate different prediction rules. The clinical rules derived were three (Table IV) : (1) S/CO ratio >15 and the antecedent of transfusion before 1993. (2) S/CO ratio >15 and the presence of decompensated liver disease. (3) S/CO ratio >15, the antecedent of transfusion and decompensated liver disease. The first diagnostic cluster derived had the best performance in predicting the presence of HCV RNA in serum, and also performed well in excluding viremia when these two characteristics were absent (Table IV) . In general, PPV and LR+ were better in the clinical prediction rules than for any S/CO ratio breaking point alone (Table IV) . By analyzing only the 80 asymptomatic patients of our study group, we found that the clinical prediction rule of S/CO ratio >15 and the antecedent of blood transfusion improved in efficacy of the prediction of viremia, whereas this same rule applied to the patients with decompensated liver disease had a poor power in distinguishing patients with or without viremia ( Table IV) .
Discussion
A good diagnostic test is one that improves our suspicion about a particular diagnosis over the suspicion based on the general prevalence of a disease (i.e., pre-test prob- 146.53). Patients with liver decompensation had higher S/CO ratios than asymptomatic patients (median 44.7 vs 25.2, respectively; p = 0.002) (Figure 1 ), but this difference did not remain after considering only patients with viremia from both groups (p = 0.65). The group of asymptomatic patients was very heterogenic with respect of S/CO ratio breaking point ability). Regarding this, clinical prediction rules have been created to help clinicians in the estimation of the probability that a particular patient has an event. 4 To date, no clinical prediction rule had been developed to predict viremia in HCV seropositive patients with different characteristics. In the present study, patients were first analyzed on the basis of clinical features. Age was higher in those with liver decompensation than in asymptomatic patients, possibly due to the chronic nature of HCV infection and its consequences. The proportion of patients with viremia was higher in the group with decompensated liver disease than in asymptomatic patients, and also had higher S/CO ratios. However, after considering only patients with viremia, the difference between these groups with respect to S/CO ratio was not significant, which suggest that S/CO value is more related with the presence of HCV RNA in Table IV . Diagnostic appraisal of different S/CO ratio breaking points and clinical rules in predicting the hepatitis C viremia.
serum than with severity of the liver disease. S/CO value with the best performance in detecting cases with viremia was 15, as it had the largest LR+ combined with a good PPV. Other studies have addressed the relationship between quantitative data of the screening test and the presence of HCV RNA in blood or reactivity to RIBA, in different clinical settings. 5, [18] [19] [20] [21] These reports have demonstrated that sensitivity, specificity and predictive values of screening tests behave different in certain subgroups of patients, and that S/CO value can predict viremia, as higher S/CO values are present in persons with HCV RNA in serum. 5, 18, 20, 22 Based on these facts, we derived three clinical rules for prediction of the hepatitis C viremia, applied to asymptomatic persons or patients with decompensated liver disease. The rule compounded by S/CO ratio >15 and the antecedent of transfusion of blood products before 1993 (the year in which blood-bank screening test for anti-HCV antibodies was systematically practiced in Mexico) 23 performed the best in predicting viremia, especially among asymptomatic patients. Thus, applying the evidence in clinical practice we could have that pre-test probability (prevalence) of having viremia in general population of Mexico is about 1%; 24 but if we have an asymptomatic patient with the antecedent of blood transfusion before 1993 and S/CO ratio >15, the probability of having viremia will be 91%, with about 13 times as likely that these two factors are found in a patient with viremia than someone without this condition. This clinical rule was better than any S/CO value alone in predicting viremia. However, we must take into account with precaution the population at risk from whose the results of a study regarding prediction rules are obtained. This same rule was not better than S/CO value alone when applied to patients with decompensated liver disease. Thus, other diagnostic clusters should be analyzed in populations with different prevalence of HCV infection and different risk factors (e.g., intravenous drug abuse, which was not found in our study population, as the use of illicit intravenous drugs is very infrequent in Mexico). 25, 26 Apparently we sacrifice sensitivity by using clinical prediction rules rather than S/CO ratio alone; however, these rules are not for screening of suspicious cases of having HCV infection, but to be used in prediction of the presence of HCV in serum after a positive screening test. In assays for screening we are more worried about sensitivity and not losing a true positive case; after a screening procedure that tested positive we have more concern regarding specificity and PPV, and therefore not to include a person without the disease in the group of diseased people. However, we are not proposing a new way to diagnose HCV infection on the basis of a screening test and clinical data. A confirmatory test should not be skipped, but the rational use of a rule for prediction of viremia may: (1) minimize the uncertainty of inter-assay variation of the screening test for anti-HCV antibodies, which may oscillate between a reactive and non reactive result; 5, 9 (2) allow the detection of a laboratory mistake when viremia is expected (e.g., high S/CO value); (3) help with the interpretation of an inconclusive result of a quantitative NAT (i.e., when the viral load is below the detection limit of the assay or when actually there is no viremia); (4) help in decision to perform directly a quantitative NAT for assessment of viral load after a screening test, instead of a RIBA or a qualitative NAT; and thus to save time and economic resources; and (5) may increase confidence regarding patient's health and may reduce emotional harm. A positive result to anti-HCV antibodies with a negative NAT may cause some concern; however, even though the possibility of an occult HCV infection in liver without viremia exist, [13] [14] [15] [16] information regarding longterm consequences of this state suggests a good outcome for seropositive patients without viremia; [27] [28] [29] an issue that, however, deserves more study. In the present report, seropositive patients without viremia who underwent liver biopsy did not have a substantially abnormal histologic pattern.
In conclusion, a clinical rule is better than the screening test alone in prediction of the hepatitis C viremia. In a patient that meet the prediction rule the probability of having HCV infection is high, therefore, it can be indicated directly an assay for viral load instead of other supplemental tests; and thus be treated opportunely. Clinical context dictates the importance that has to be attributed to a positive screening test for anti-HCV antibodies. Further studies are needed to validate the models in an external population and to assess the benefit on economic issues and quality of care of using a rule for prediction of viremia in different populations.
